A computer-assisted cladistic analysis on morphological characters of the Diplostraca (Conchostraca and Cladocera) has been undertaken for the first time. The morphological information has been obtained from literature and transformed into 56 suitable characters. The analysis included 47 ingroup taxa, comprising five conchostracan taxa (four families of the Spinicaudata and the Laevicaudata) and 42 genera of the Cladocera. A detailed character discussion is presented which will be a useful working base for future phylogenetic studies on the group. A number of systematic groups were, with differing degrees of certainty, supported in all 218 equally short trees. These are the Diplostraca, Cladocera, Gymnomera (Onychopoda and Haplopoda), Onychopoda, Podonidae, Cercopagididae, Anomopoda, Daphniidae, Moininae, Scapholeberinae, Chydoridae, Chydorinae and Sididae. The Spinicaudata were only supported on some of the 218 equally short trees while no support was found for the Conchostraca. Two taxa-the Macrothricidae and Aloninae-were relatively strongly indicated to be paraphyletic. A suggested classificatory hierarchy, without indication of absolute rank, is presented.
INTRODUCTION
grouped the branchiopod Crustacea into four orders: Anostraca Notostraca, Conchostraca and Cladocera. This was a slight modification of the earlier schemes put forward by Sars (1867 Sars ( , 1890 and has since been used with only few modifications (see Fryer, 1987a , for a detailed taxomomical review). The most significant modifications were made by Linder (1945) who recognized two distinctive groups within the Conchostraca (Laevicaudata and Spinicaudata), and later by Fryer (1987a) , who elevated the two conchostracan groups and the four groups included in the Cladocera to ordinal status, in an attempt to emphasize the differences between them.
Gerstaecker (1866-1879) was the first to unite the Conchostraca and the Cladocera under the name Diplostraca, and the monophyly of this taxon has recently been advocated by Walossek (1993 Walossek ( , 1995 , who recognized the formation of the bivalved shield (termed 'secondary shield') as a defining apomorphy for the group. The relationship of the higher taxa within the Diplostraca has received much attention (e.g. Claus, 1876; Eriksson, 1934; Linder, 1945; Schminke, 1981; Fryer, 1987a,b; Martin & Cash-Clark, 1995 ). An old idea, first proposed by Claus (1876) , is that the Cladocera evolved by neoteny from conchostracans with certain conchostracan larvae as the starting point. Eriksson (1934) explored this idea in more detail and was the first to critically evaluate the possible monophyletic nature of the Cladocera. His conclusions (reviewed and discussed by Schminke, 1981) were somewhat unclear as he stated both that the individual cladoceran taxa (Ctenopoda, Onychopoda, Haplopoda and Anomopoda) branched off from different conchostracan ancestors at various times, and that the Cladocera should remain as a systematic unit. As Schminke (1981) pointed out, deriving the Cladocera from the Conchostraca in this way means that the Conchostraca are paraphyletic and the Cladocera polyphyletic. Schminke (1981) furthermore took up the old idea about the aberrant conchostracan species Cyclestheria hislopi Baird, 1859 (monotypic for Cyclestheriidae) as a 'link species' between the Conchostraca and the Cladocera. This idea was first proposed by Sars (1887) and has since been repeated, but the phylogenetic consequences have apparently only rarely been discussed in detail (see Martin & Cash-Clark, 1995; Olesen et al., 1997 press for the most recent reviews). Martin & Cash-Clark (1995) presented, for the first time, a hypothesis for the relationships among the four orders of the Cladocera (Ctenopoda, Anomopoda, Haplopoda and Onychopoda) (Fig. 17B) . It was concluded that the Cladocera, despite the large differences between the orders, might still be monophyletic. Their theory involved the derivation of the Cladocera from a cyclestheriid-like ancestor but the relationship of the Cladocera to the Conchostraca was not discussed. Such a derivation gives Cyclestheria hislopi status as sister group to the Cladocera and would imply that the Conchostraca are paraphyletic. Wingstrand (1978) presented the first phylogenetic tree involving a major part of the taxa within the Diplostraca (Fig. 17A) . He based his phylogeny on a combination of spermatological data and classical morphological characters. The principal result of the study is that certain spermatological characters (vacuolar maturation type and heliozoa-like spermatozoa) made Wingstrand (1978) conclude that the cladoceran family Macrothricidae may be paraphyletic. These characters appear in taxa outside the Macrothricidae and only in some of the macrothricid genera, which implies, if the characters evolved only once, that these macrothricid genera are more closely related to groups outside the Macrothricidae than to the rest of the family. Sperm morphology did not contribute to positioning some groups that had traditionally caused investigators much trouble, such as the two predatory orders Haplopoda (Leptodora Lilljeborg, 1861) and Onychopoda (Polyphemus O. F. Müller, 1785 and other species). Neither could the two families Moinidae (=Moininae) and Bosminidae be placed.
Major recent contributions towards a phylogenetic understanding of relationships within the Cladocera have been those of Fryer (1963 Fryer ( , 1968 Fryer ( , 1974 Fryer ( , 1991 Fryer ( , 1995 who, on the basis of very detailed studies of the functional morphology within the three largest families of the Anomopoda, discussed different phylogenetic aspects. Moreover, by demonstrating the many differences between the groups included in some of the long established higher taxa of the Branchiopoda, Fryer (1987a,b) suggested that a number of these (including the Diplostraca, Conchostraca and Cladocera) should not be considered as monophyletic units and the taxon names therefore should be abandoned. Unfortunately, he did not at that time propose any supporting phylogenetic hypothesis. Fryer (1995) gave a hypothesis for the phylogeny of the main lineages within the Anomopoda. While assuming the monophyly of each of the four families accepted by him, he stated that the Macrothricidae and Daphniidae are sistergroups as well as the Chydoridae and Bosminidae. He also gave a detailed account of the presumed structure of the ancestral anomopod.
The very large and diverse anomopod family Chydoridae was split into four subfamilies, on the basis of head pore morphology ('neck organ' or 'dorsal organ') and mandible articulation by Frey (1959 Frey ( , 1962 Frey ( , 1967 . This was an important advance and moreover corresponded to the pattern seen in limb setation (Smirnov, 1966) . One of the subfamilies, the Aloninae, has recently been suggested to be paraphyletic (Olesen, 1996) . Surprisingly few workers have presented their ideas as testable hypotheses in the form of cladograms for the Diplostraca. Those that have (Wingstrand, 1978; Schram, 1986; Walossek, 1993; Martin & Cash-Clark, 1995) have been inconclusive, either because they have only been dealing with higher taxa or because of lack of characters. The purpose of the present work is therefore to present a phylogenetic theory for the Diplostraca (Cladocera and Conchostraca). It is restricted to the Diplostraca because of the almost certain monophyly of this group and also because of the challenging variation, especially within the Cladocera. Considering the inadequacies in the available phylogenetic theories, it seems useful at this stage to present a phylogenetic hypothesis that combines the information provided by earlier workers with some new data, and that includes more taxa than in the trees hitherto presented. This paper attempts to resolve the phylogeny within the group as much as possible using the available information and to identify areas where further work is needed. As this is one of the first cladistic works on diplostracan taxa, it is hoped that it will be a useful starting point for future phylogenetic studies on the group.
ASSUMPTIONS

Monophyly of ingroup (Diplostraca) and choice of outgroups
It is generally accepted that Cladocera and Conchostraca (=Diplostraca) together constitute a monophyletic group (Schram, 1986; Walossek, 1993 Walossek, , 1995 Olesen et al., 1997; see Fryer, 1987a , for a differing view) and it is therefore reasonable to use this group for a cladistic study. Walossek (1993 Walossek ( , 1995 mentions the formation of a unique carapace type (termed 'secondary shield', see character 1 in Character discussion below) as a supporting character for the group and Schram (1986) mentions "caudal rami as abreptors" (see character 38 in Character discussion). The presence of natatory antennae has also been used in support of the taxon (e.g. Wingstrand, 1978) , but this is most likely a pleisomorphy retained earlier (Fryer, 1987a) . Olesen et al. (1997) mentions the proximal pair(s) of trunk limbs modified as claspers. The 'secondary shield' and the 'claspers' appear to be the most convincing characters since these are present in all species of the Diplostraca and not found with this morphology in other taxa.
Furthermore, if the Branchiopoda are a monophyletic group as perceived by some authors (Sanders, 1963; Wingstrand, 1978; Walossek, 1993 Walossek, , 1995 , it then follows that the Notostraca and Anostraca would be the closest relatives to the Diplostraca, and are therefore the obvious choices as outgroups. Only a few characters could not be polarized a priori. These include characters related to the carapace (characters 1-4) and to the claspers (characters 27-29), since these structures are not present in the outgroups (claspers) or the homologies are uncertain (carapace).
MATERIAL AND METHODS
The characters included in the analysis were defined partly from information available in the literature and partly from morphological studies undertaken in connection with this work (Olesen, 1996; Olesen et al., 1997) . The specific sources of literature are in most cases mentioned in the Character discussion. The cladistic analyses were carried out on a Macintosh platform using the programs PAUP 3.1.1 (Swofford, 1993) and MacClade 3.03 (Maddison & Maddison, 1993) . The data matrix appears in the Appendix.
The present analysis does not include all diplostracan taxa. In particular, I have omitted genera in the two very large cladoceran families, Chydoridae (32 genera) and Macrothricidae (16-17 genera), due to the apparent lack of phylogenetically useful data in the literature. I have been unable to locate characters that were not either common to the whole family (or a larger assemblage), or unique to the genus.
The material of Cyclestheria hislopi for SEM illustrations was collected in Colombia in 1994. The remaining material for SEM is from the collection of the Zoological Museum, University of Copenhagen. The examined larvae were critical point dried while still situated in the maternal brood chamber, dissected free, mounted, gold coated, and examined with a JEOL JSM-840 scanning electron microscope at 15 kV.
Illustrations, redrawn from drawings in literature and in most cases made by Lillebjorg and Sars, are included to illustrate certain characters (mostly related to external morphology), and to give the reader a feeling for the general morphology of the included taxa. They are not meant to be exhaustive illustrations of characters or character states; the original literature, mentioned in the character discussion, should be consulted for that purpose. This section contains a discussion of the a priori assumptions concerning homologies.
Character 1. Carapace as 'secondary shield' 0=absent 1=bivalved, enclosing the whole body 2=bivalved, enclosing thorax and abdomen only 3=modified to a dorsal brood pouch Walossek (1993 Walossek ( , 1995 interprets the carapace in the Diplostraca (=Onychura) as a 'secondary shield' having a different evolutionary and morphological origin from the carapace developed to a various degree in a number of other crustaceans (including other branchiopods, like the Notostraca and the Upper Cambrian fossil Rehbachiella kinnekullensis Müller, 1983 ). This interpretation is followed in this treatment in support for the monophyly of the Diplostraca. At least there is a unique anterior growth of the carapace in the conchostracan taxa, covering the head in the adults (Figs 1, 2) . The carapace ('secondary shield') has most often been mentioned as starting its development from the tergum of the second maxillae segment or the first trunk segment. SEM photographs of developing specimens of Cyclestheria hislopi indicate Figure 2 . Larvae of Cyclestheria hislopi Baird, 1859 (Conchostraca, Spinicaudata) dissected from the female brood chamber. All three photographs show larvae belonging to the same stage of development. A, lateral/dorsal view of larva showing the large and globular dorsal organ and the incipient posterior growth of the carapace. The arrow indicates position of the post abdominal setae; B lateral view of larva. The arrow indicates the anterior margin of the carapace which seems to start development from the maxillulary segment; C, ventral view of larva showing the reduced maxillae and the laterally directed trunk limbs which at this early stage have not started to bend together ventral to the trunk. Scale bars=100 m. Figure 3 . Leptodora kindti Focke, 1844, the only known species of the Haplopoda (Cladocera). A, adult female of Leptodora kindti, redrawn after Sars (1993) ; B, free-living metanauplius of Leptodora kindti, seen from ventral side, redrawn after Sars (1874) . Leptodora kindti is the only cladoceran that has retained free living larvae as a part of the life cycle (the sexual part).
that the carapace might originate even more anteriorly (Fig. 2b) . A clearly bivalved carapace is found in most conchostracan and cladoceran genera; in the Conchostraca it encloses the whole body ( Fig. 1) , in the Cladocera only the thorax and abdomen (Figs 7, 9, 10, 12) . Exceptions are the two predatory groups, Onychopoda and Haplopoda (Leptodora), where the carapace has been modified into a dorsal brood pouch. Drawings of a Leptodora metanauplius hatched from resting eggs (Sars, 1874) , and SEM examination of developing stages of Leptodora (Haplopoda) (Fig. 4B) indicate that the brood pouch starts developing more anteriorly than the position in the adult would seem to indicate. It is, in fact, more or less in the same position as the carapace typical of other species of the Conchostraca and Cladocera. This suggests that the brood pouch found in Leptodora most likely is homologous with the typical bivalved carapace. Growth lines on the carapace shield are found in all species of the Spinicaudata (Conchostraca) (Fig. 1B,C ) and in two cladoceran genera, Monospilus G.O. Sars, 1862 and Ilyocryptus G.O. Sars, 1862 (Fig. 9B ). An undescribed species of the Laevicaudata with growth lines on the carapace was mentioned by Linder (1945) but I assume this is of secondary origin. Sars, 1897 (Polyphemidae) , redrawn after Sars (1902) ; C, Caspievadne maximovitschi G.O. Sars, 1902 (Podonidae) , redrawn after Sars (1902) who described it as belonging to Evadne.
Character 3. Carapace, posterior margin 0=not straight and low 1=straight and low A characteristic combination of a strongly curved (sometimes concave) dorsal carapace margin and a low and straight posterior margin exists in several genera of the Chydoridae (in all genera of Chydorinae). This is illustrated in Sars (1993) and in Lilljeborg (1901) In two genera, Scapholeberis Schoedler, 1858 and Megafenestra Dumont & Pensaert, 1983 , rows of unique feather-like setae on the ventral carapace margins can be seen (water-surface association) (Scourfield, 1896; Dumont & Pensaert, 1983) . Other anomopods and the ctenopods have setae on the carapace margins as well, but not modified this way. Character 5. Rostral spine 0=rostral spine absent 1=rostral spine present A rostral spine is present in adults of the Leptestheriidae (Fig. 1C ) and in juveniles of at least some species of the Cyzicidae ( juvenile cyzicids with a rostral spine is mentioned by Barnard, 1929) .
Character 6. Ventral ganglia 0=ventral ganglia coalesced 1=ventral ganglia not coalesced ('Macrothricidae'), redrawn after Sars (1901) ; C, Drepanothrix dentata Eurén, 1861 ('Macrothricidae'), redrawn after Fryer (1974) .
In the Haplopoda and Onychopoda the ventral ganglia are more or less coalesced into a single mass (Calman, 1909) , while other branchiopods have a ladder-like nerve-chain. 3=with median pores 4=with median pores, but rim between pores more constricted than in 3) 5=median pores with no connection Many branchiopods and Crustacea in general (see Martin & Laverack, 1992; Martin, 1992; Walossek, 1993 for reviews) have a dorsal cuticular ornamentation at the back of the head, referred to as the 'dorsal organ', 'neck organ' (see position in some taxa in Figs 1-8). The homology between these organs in at least some branchiopod taxa has been established by Olesen (1996) . Olesen (1996) furthermore suggests a likely transformation series for the neck organ morphology within the Chydoridae, used here as an ordered character (see the different neck organ types in Fig. 18 ). The character has also been run as unordered.
The following description is from Olesen (1996) , unless otherwise stated.
In the Eurycercinae, a subfamily of the Chydoridae, and in all examined branchiopods outside the Chydoridae, the neck organ is circular or oval, or at least not of the shape found in the majority of the chydorids (examples of different nonchydorid adult and larval dorsal organs are given in Figs 1-8). In two genera of the Chydoridae, Rhynchotalona Norman, 1903 and Tretocephala Frey, 1965 , the neck organ is elongated in an anterior/posterior direction and is laterally constricted. The neck organ is most elongated and constricted in Tretocephala.
In a large number of genera in the Aloninae-Leydigia Kurtz, 1874, Alona Baird, 1850, Camptocercus Baird, 1843, Acroperus Baird, 1843, Graptoleberis G.O. Sars, 1862 and others-the elongated neck organ has been divided into 2-3 median pores, which are still connected by an elevated cuticular rim. The rim between the median pores is less constricted in Leydigia than in Alona, Camptocercus, Acroperus and in
Graptoleberis.
In all genera of the Chydorinae and in two taxa of the Aloninae, Oxyurella Dybowski & Grochowski, 1894, and Monospilus dispar G.O. Sars, 1862, the neck organ consists of one or more median pores, unconnected by any cuticular rim. Monospilus diporus Smirnov & Timms, 1983 , an Australian species, displays an arrangement of two interconnected median pores and no lateral pores (light microscopy based drawing, Smirnov & Timms, 1983) .
Median pores are lacking in Saycia G.O. Sars, 1904 and in other taxa not included in this analysis (see Frey, 1971 , for Saycia). Character 9. Neck organ, lateral pores 0=without lateral pores 1=with two lateral pores Figure 16 . Strict consensus tree of 10 000 equally short trees. All characters unordered.
Lateral pores, as a part of the neck organ, exist in all species of Eurycercinae, Saycinae and Aloninae (except Monospilus), three subfamilies of the cladoceran family Chydoridae (Frey, 1959 (Frey, , 1962 (Frey, , 1971 Olesen, 1996) .
Character 10. Dorsal keel 0=dorsal keel absent 1=dorsal keel present
In two genera (Camptocercus and Acroperus) of the Aloninae the neck organ is situated on a large dorsal keel in the head region. The possession of such a keel has earlier been mentioned by (Fryer (1968) as a character uniting the two genera (see also Olesen, 1996) . The conchostracan Cyclestheria hislopi also has the neck organ on a keel (Olesen et al., 1997) .
Character 11. Antennular sensillae 0=sensillae of antennule not confined to tip 1=sensillae of antennule confined to tip
In most genera of Cladocera and in the conchostracan genus Cyclestheria (Fig. 1B) , sensillae are found at the tip of the antennule only (female), as for the Anostraca (outgroup).
Character 12. Antennular lobes 0=absent 1=present Figure 17 . Two cladograms from previous literature that deal with the relationship of the cladoceran main groups. A, Wingstrand (1978) . This phylogeny was mainly constructed on the basis of spermatological characters, but also a number of other morphological characters were included; B, Martin & Cash-Clark, (1995) . A phylogenetic hypothesis for the four main groups of a monophyletic Cladocera with a cyclestheriid-like ancestor. See comments in text. Figure 18 . Phylogeny of the Chydoridae. The figure is an enlargement of the Chydoridae section in Fig. 13 with the different presumed apomorphies listed at left and with the neck organ shown for each taxon. The neck organ morphology has been included as an ordered character (8), which is strongly reflected in the presented phylogeny. The correctness of this transformation assumption can be discussed, but it is interesting to observe that almost all other located characters either support or supplement the presumed neck organ transformation. Only character 23-'number of legs'-conflicted with the presumed transformation in neck organ morphology (not shown on this figure) . Figure 19 . Suggested classificatory hierarchy without specification of absolute rank. Underlined taxa are orders recognised by Fryer (1987a) . Only taxa in italic are not supported by this study. '1' indicates unsupported taxa with phyletic status uncertain. '2' indicates taxa suggested to be paraphyletic.
In all families of the conchostracan order Spinicaudata, except for the Cyclestheriidae, the antennules are long with sensillae-bearing lobes along one side (Fig. 1C) .
Character 13. Antennules immobile 0=antennules mobile 1=antennules immobile
In two genera of the cladoceran order Onychopoda, Podon Lilljeborg, 1853 and Evadne Lovén, 1836, the antennules are immobile and fixed to the lower part of the head (Mordukhai-Boltovskoi, 1968) .
Character 14. Male antennule, distal hooks 0=absent 1=present
In the two genera of the cladoceran subfamily Moininae, Moina Baird, 1850 and Moinodaphnia Herrick, 1887, curved hooks are found in varying numbers on the tip of the long antennule (e.g. Goulden, 1968) .
Character 15. Male antennule with one very large seta 0=absent 1=present
In all genera of the cladoceran order Ctenopoda except Holopedium Zaddach, 1855, the male antennule continues distally into a seta-like projection (e.g. Sars, 1865; Korovchinsky, 1992) .
Character 16. Antennal protopod morphology 0=protopod not flexed 1=protopod flexed
The antennal protopod can be either straight or flexed. A flexed protopod is found only in Moininae (Fryer, 1991) Fryer, 1974) .
Character 17. Segmentation of antennal rami 0=both rami many segmented 1=both rami with 4 segments 2=endopod with 3 segments, exopod with 4 segments 3=both rami with 3 segments 4=endopod with 3 segments, exopod with 2 segments 5=endopod with 2 segments, exopod with 3 segments 6=both rami with 2 segments
The number of antennal rami segments is very variable but some grouping exists. In the Anostraca (outgroup) the antennae are modified and the number of segments cannot be counted in the adults. The antennae of the Notostraca (outgroup) are uniramous, reduced or even absent. In the conchostracan order Laevicaudata each ramus consists of approximately 15 segments (Fig. 1A) . In the other conchostracan order, Spinicaudata, there are a little fewer (Fig. 1B,C) . In the Daphniidae (including the Moininae), the Macrothricidae and the Bosminidae the exopod consists of four segments, the endopod of three (Figs 9, 10). In the Bosminidae and Ilyocryptus (Macrothricidae) the segments of the exopod are of more or less equal length (Fig.  9A,B) . In the rest of the above-mentioned groups the most proximal segment is considerably shorter than the following ones. In all members of the Chydoridae both rami consist of three segments (Fig. 12 ). In the Ctenopoda some variation exists. In Limnosida G.O. Sars, 1862 (not included), three segments are found in both rami. In Sida Straus, 1820 there are three segments in the exopod and two in the endopod (Fig. 7B) . In Diaphanosoma Fischer, 1850 and Latona Straus, 1820 just the opposite is the case: two segments in the exopod and three segments in the endopod (Fig. 7A,D) . In Penilia Dana, 1852 (not included) both rami are two-segmented. In
Holopedium the female antenna is uniramous and two-segmented (Fig. 7C) , whereas in the male both rami are two-segmented. In the Onychopoda the endopod is threesegmented and the exopod four-segmented, the proximal segment being considerably shorter (Fig. 5B,C) , exactly like what is found in the Daphniidae (including the Moininae) and most species of the Macrothricidae. In Leptodora each ramus is foursegmented, the proximal segment of the exopod being shorter than the following (Fig. 3A) . The 'exopod' and 'endopod' terminology is mostly from Fryer (1987a) . Some states of this multistate character are only found in one taxon in the matrix (states 1,4,6).
Character 18. Antennal muscles 0=all extrinsic muscles originate on same side of body as the appendage served 1=some extrinsic muscles originate on opposite side of body An unpublished investigation of G. Fryer (Fryer, 1981a, in part) shows that in the Laevicaudata and in the cladoceran orders some of the extrinsic antennal muscles originate on the opposite side of the body as the appendage served. In the Spinicaudata all the extrinsic muscles originate in the same side. Fryer (1987a) states that the former situation represents a fundamental evolutionary advance over the latter. Since I am not aware of precisely which species have been examined, I have chosen to code '0' for the Anostraca, Notostraca and Spinicaudata and '1' for the Laevicaudata and Cladocera.
Character 19. Antennae with two proximal setae 0=setae absent 1=setae present
Many species in the Anomopoda have a pair of proximal setae at the base of the antennae (Fig. 9B,C) . Within the Chydoridae, some genera lack these setae, but the drawings available in literature may be inaccurate so I have decided to code these as '?'.
Character 20. Mandible articulation 0=mandible not articulated on external 'apodemes' 1=mandible articulated on external 'apodemes'
Within the Chydoridae there are two types of mandibular articulation. In Eurycercinae, Saycinae and Aloninae the mandibular articulation is located laterally at the point where the head shield and carapace unite (fornix). This type of articulation appears also to be the situation in the rest of the Branchiopoda and is plesiomorphic for the Diplostraca. In the Chydorinae the mandibles are articulated on cuticular 'apodemes' that carry the points of articulation away from the fornix. The two types of articulation are illustrated and described in detail by Frey (1967) , Fryer (1968) and Smirnov (1971) .
Character 21. Mandible muscles 0=with 5c muscle 1=without 5c muscle
The mandibular 5c muscle is missing in two chydorid genera, Anchistropus and Pseudochydorus (Fryer, 1968) and in adult Notostraca (Fryer, 1988) . According to Fryer (1988) such muscles are found in the Anostraca, Spinicaudata, Laevicaudata, Ctenopoda, Anomopoda (except Anchistropus and Pseudochydorus), Onychopoda and Haplopoda.
Character 22. Mandible, anterior process 0=mandible without anterior process 1=mandible with anterior process
In all examined species of the Onychopoda (except for Polyphemus) an anterior masticatory mandibular process exists (Martin & Cash-Clark, 1995) .
Character 23. Number of trunk limbs 0=more than 6 1=6 2=5 3=4
The number of trunk limbs varies from a large number in the Anostraca, the Notostraca and in the two conchostracan orders to 6, 5 or 4 in the cladoceran orders (information mostly from Flössner, 1972).
Character 24. Trunk limb type 0=phyllopodous 1=stenopodous
Stenopodous trunk limbs are found in two cladoceran orders, the Onychopoda and the Haplopoda (Figs 3-6 ).
Character 25. Trunk limbs, serial similarity 0=with serial similarity 1=without serial similarity Serial similarity of the trunk limbs is found in the Conchostraca (Fig. 1 ) and in three orders within the Cladocera: the Ctenopoda (Figs 7, 8 ), the Onychopoda (Figs 5, 6 ) and in the Haplopoda (Figs 3, 4) . In the two last-mentioned groups the legs are, however, not of the typical phyllopodous type but stenopodous instead. The serial similarity has been lost in the cladoceran order Anomopoda.
Character 26. Trunk limb 1, ejector hooks 0=ejector hooks not present 1=ejector hooks present A pair of 'ejector hooks' exists near the base of first pair of trunk limbs of all species of the Anomopoda. (Fryer, 1987a ). These have been described for Eurycercus Baird, 1843 and their function is to remove accumulated detritus under the feeding process (Fryer, 1963 Baird, 1845 (Flössner, 1972 Dumont & Pensaert, 1983; Sars, 1993) . The homologies between these setae are uncertain but are ccoded as the same character in this analysis.
Character 28. Number of male claspers 0=claspers on anterior trunk limbs lacking 1=first pair of trunk limbs with claspers 2=first and second pair of trunk limbs with claspers
All conchostracan and cladoceran males have the first pair of trunk limbs modified to claspers that hold the female during mating (Fig. 1B) . Males of the spinicaudate conchostracans (except Cyclestheria) have in addition the second pair of trunk limbs modified as claspers. Some modifications of the second pair of trunk limbs are seen in some genera of the laevicaudate conchostracans also, but these appear not to be clasper-like (Martin & Belk, 1988) . Despite some obvious differences between the clasper morphology in the different taxa, claspers in this treatment are considered to be homologous structures. The differences between the taxa are therefore assumed to be secondary modifications of a clasper in the common ancestor of tbe Conchostraca and Cladocera. This homology is not well corroborated by morphological investigations but it seems, for the moment, to be unnecessarily complicated not to assume homology. The clasper morphology is relatively similar in the different taxa (especially in the laevicaudate and spinicaudate conchostracans), and nothing like it is found in the presumed closest relatives to the Conchostraca and Cladocera. Most deviating is Leptodora kindti Focke, 1844 but also in this species first trunk limbs of the male are apparently modified for clasping. In contrast, the males of the recent Anostraca have the antennae modified for clasping and the Devonian fossil Lepidocaris rhyniensis Scourfield, 1926 , with anostracan affinities, has the maxillules modified for clasping (Scourfield, 1926 , 1940 , reinterpreted by Schram, 1986 and Walossek, 1993 According to Botnariuc (1947) and repeated by Fryer (1987a) and Olesen et al. (1997) , the so-called palps in the two conchostracan orders, the Spinicaudata and the Laevicaudata, are not homologous. In the Laevicaudata the palps consist of the modified endites themselves. In the Spinicaudata, including Cyclestheria, the palps are 'true' palps, i.e. outgrowths of the actual endites (see Olesen et al., 1997 , for a discussion of this). The homologies between the conchostracan and cladoceran claspers with respect to palps are uncertain. Some macrothricid genera have characteristic fork-like setae on the trunk limb endites. These were first described by Fryer (1974) and are therefore termed 'Fryer's forks' by Smirnov (1992) . They are scored 'present' in Macrothrix and Streblocerus.
Character 32. Trunk limb 3, distal scrapers 0=without distal scrapers 1=with distal scrapers
In four genera of the Chydoridae, Camptocercus, Acroperus, Alonopsis G.O. Sars, 1862 and Alona, the distal spines of trunk limb 3 serve as scrapers (Fryer, 1968) .
Character 33. Trunk limbs 3 and 4, filter plates 0=filter plates not enlarged 1=filter plates enlarged Very enlarged gnathobasic filter plates on trunk limb 3 and 4 are found in the Daphniidae (including the Moininae) (Fryer, 1991) (Fig. 10) .
Character 34. Trunk limb 5, modification for posterior closing of interlimb space as part of filtration cycle 0=not modified 1=modified to close
Trunk limb 5 have-in the form of a setose exopod seta-become modified for closing the posterior interlimb space as a part of the filtering cycle in the Daphniidae (including the Moininae) (Fryer, 1991) (Fig. 10A) .
Character 35. Trunk/abdomen joint 0=without highly movable joint 1=with highly movable joint
Three genera of the Chydoridae, Alonopsis, Acroperus and Camptocercus, have a highly movable joint between trunk and abdomen. The joint is least flexible in Alonopsis and most flexible in Camptocercus (Fryer, 1968) . Some articulation types are illustrated by Smirnov (1971) .
Character 36. Abdominal dorsal filaments 0=absent 1=1 filament present 2=2-3 filaments present
Species of the Daphniidae (except Moininae) and the macrothricid genera Ilyocryptus have one or more dorsal filaments extending from the posterior trunk section ( Figs  9B, 10A ). The function is apparently to maintain the embryos within the brood chamber.
Character 37. Paired abdominal setae 0=absent 1=present
A pair of abdominal setae are found in the Notostraca, Conchostraca and Cladocera, except for the cladoceran Leptodora kindti (Figs 1, 2A , 5, 6A, 7, 9, 10, 11, 12) .
Character 38. Furcal claws 0=furcal claws not curved 1=furcal claws curved
The furcal claws are distinctly posteriorly curved in the Spinicaudata, the Ctenopoda and in the Anomopoda (Figs 1B, C, 7, 9, 10, 12) .
Character 39. Long caudal appendage 0=long caudal appendage absent 1=long caudal appendage present A prolonged caudal appendage is present in Cercopagididae (Fig. 5A ) and Polyphemidae (Fig. 5B) , both of the order Onychopoda. A 'caudal appendage' I define as a very enlarged abdominal/dorsal projection from which the post abdominal setae arise.
Character 40. Caudal appendage, exuvium retention 0=exuvia not retained on the caudal appendage 1=exuvia retained on the caudal appendage
In two genera of the Onychopoda (Bythotrephes Leydig, 1860 and Cercopagis G.O. Sars, 1897) the exuvium of the caudal appendage is retained after each moult (Fig.  5A ).
Character 41. Gut, anterior diverticulae 0=present 1=present
A gut with anterior diverticulae is found in the Anostraca, the Daphniidae (including the Moininae) (Fig. 10B) , Holopedium, Eurycercus (Fig. 12b) , Ophryoxus G.O. Sars, 1861, and to a lesser extent in Streblocerus (illustrated by Sars, 1865 Sars, , 1896a Sars, , 1993 .
Character 42. Gut coiling 0=gut not coiled 1=Chydoridae coiled 2=Eurycercus coiled 3=Ophryoxus coiled 4=Drepanothrix coiled 5=Streblocerus coiled 6=Saycia coiled
The gut can be more or less straight or show different loop configurations. The following different loop types have been recognized, primarily on the basis of drawings by Sars (1993) and Lilljeborg (1901) . I have chosen not to use a general character like looped/not looped but have instead looked for similarities between the different loop configuration types. Some loop types are only found in one genus. These are Eurycercus (Fig. 12B) , Ophryoxus, Drepanothrix, Streblocerus and Saycia (Fig.  12A) . One looping type is found in all chydorids (except Eurycercus and in Saycia), where the looping configuration is strikingly similar among all the genera and can be split into two components: an anteriorly situated dorsally directed loop followed by a posteriorly situated dorsally/anteriorly directed curve (Fig. 12C,D) . Some variation exists but this basic pattern seems always to be present.
Character 43. Gut, rectal dilation/diverticulum 0=rectum simple 1=rectum dilated 2=rectum with diverticulum A dilation of the rectal gut part is found in the macrothricids Ilyocryptus longiremis G.O. Sars, 1888 (Fig. 9B) and Ophryoxus gracilis G.O. Sars, 1861, and in the chydorid Saycia orbicularis G.O. Sars, 1904 (Fig. 12A ) (shown by Sars, 1888 Sars, , 1901 Sars, , 1904 Sars, , 1993 . A rectal diverticulum is found in all included chydorid genera (except Peracantha, see Fryer, 1969 and Saycia, see Sars, 1904) , Acantholeberis (Fryer, 1970) and in Ilyocryptus sordidus Liévin, 1848 (Sars, 1993) . I have chosen to code this as a multistate character because the dilation and the diverticulum apparently appear in the same place of the gut. Either a rectal diverticulum or a dilated rectum occur in different species of Ilyocryptus, but not in the same species, indicating some connection between the two types of gut modifications.
Character 44. Gut, glandular/tubular organs 0=organs absent 1=glandular organ 2=tubular organ
In some genera of the Chydoridae a posterior ventral organ, in most cases an appendix to a rectal diverticulum, is found. The organ is probably an excretory or osmoregulatory organ and has been investigated by Fryer (1969) . He divides the organ into two different types, a 'tubular organ' which he found only in Chydorus, Peracantha, and Pleuroxus, and a 'glandular organ' (Fig. 12D ) which he found in seven genera of the Chydoridae. He furthermore considered the organs to be homologous and the tubular organ as the most derived type. Fryer (1969) only had a few formalin-fixed specimens of Monospilus and Rhynchotalona available but stated that a glandular organ almost certainly is present in both.
Character 45. Position of female genital opening 0=ventral 1=lateral/dorsal
Included in the group with 'ventral openings' are the Anostraca (unpaired opening in a ventral ovisac) and Notostraca/Spinicaudata (openings at the basis of trunk limbs 11) (information from Calman, 1909 and Martin, 1992) . According to Linder (1945) the female gonopore in the Laevicaudata is on the basis of trunk limb 11, but later attempts to locate its position have failed (Martin et al., 1986; Martin, 1992) , and the position is therefore considered as uncertain. In the Cladocera the oviducts open dorsolaterally directly into the dorsal brood chamber (Weismann, 1877; Calman, 1909) .
Character 46. Number of eggs 0=many 1=two
The number of parthenogenetic eggs in the cladoceran brood chamber is typically large, but one group, the Chydoridae (except Eurycercus and Saycia), constantly have two eggs (Smirnov, 1971) (Fig. 12C,D) . The Anostraca, Notostraca and Conchostraca produce a large number of eggs.
Character 47. Position of eggs (embryos) 0=eggs in ventral brood pouch 1=eggs encapsulated in exopod 2=eggs (embryos) attached to dorsal prolongation of the exopod 3=eggs (embryos) brooded dorsally under the carapace
In the Anostraca the 12th pair of limbs are modified into a ventral egg pouch (Walossek, 1993) . In the Notostraca the eggs are kept encapsulated in the exopod of trunk limb 11 (e.g. illustrated by Sars, 1899; Fryer, 1988) . In both conchostracan orders, the Laevicaudata and Spinicaudata, the eggs (embryos for Cyclestheria hislopi) are attached to a dorsal prolongation of the exopod of certain trunk limbs (Fig. 1A , C) (illustrated by Sars, 1887 Sars, , 1895 1896; Martin et al., 1986) ; trunk limbs 9 and 10 in the Laevicaudata and trunk limbs 9-11 in the Spinicaudata (Fryer, 1987a; Martin, 1992) . In the Cladocera the eggs (embryos) are brooded, non-attached dorsally, between the body and the carapace (Figs 3, 5, 7, 9, 10, 12) .
Character 48. Ephippium 0=absent 1=present
An ephippium (part of the carapace protecting the resting eggs) exists in all genera of the Anomopoda (Flössner, 1972; Fryer, 1972 Fryer, , 1995 and the conchostracan species Cyclestheria hislopi (Roessler & Sanchez, 1986; Roessler, 1995) . The homology between the anomopod and cyclestheriid ephippium is uncertain.
Character 49. Development in brood chamber 0=indirect 1=direct
The larval development can either be indirect (with free swimming nauplii) or direct (larval stages bypassed before hatching or release from the parent). The indirect development is found in the Anostraca and Notostraca (outgroups) and in the Conchostraca except for Cyclestheria hislopi, where development is direct (Sars, 1887; Roessler & Sanchez, 1986; Roessler, 1995) . Direct development in the brood chamber is found in all species of the Cladocera.
Character 50. Development from resting eggs 0=indirect 1=direct
Development from resting egggs is direct in Cladocera except for Leptodora kindti, where the resting eggs hatch as metanauplii (Sars, 1874) (Fig. 3B) . Also in the conchostracan Cyclestheria hislopi the resting eggs sometimes hatch as metanauplii (at least in populations from Cuba; Botnariuc & Bayés Viña, 1977) , which is in contrast to the development in the brood chamber for this species. In Colombian populations of Cyclestheria hislopi the development from the resting eggs is direct (Roessler, 1995) .
Character 51. Nährboden 0=absent 1=present
A so-called 'nährboden' ('placenta'). is found in different taxa. All genera of the Onychopoda, the Moininae and the ctenopod genus Penilia have a nährboden (Makrushin, 1985; Martin, 1992 ).
Character 52. Penes 0=absent 1=present
Penes (paired) are found in two genera of the Ctenopoda, Latona and Diaphanosoma. Penes are also found in the Anostraca and the chydorid Leydigia, but because of differing position are assumed to be non-homologous. Wingstrand (1978) categorized the spermatid maturation of most of the investigated species into three different types, which differ with respect to the maturation site: Cystic maturation, lumenal maturation and vacuolar maturation. He found the cystic and the lumenal types closely related, as in some species of Anostraca a mixture of both is seen. The vacuolar type he saw as apomorphic and he therefore considered it to be a character of phylogenetic importance, with parallels only in different mites. This maturation type was found in all investigated species of Anomopoda except for Steblocerus serricaudatus Fischer, 1849 and Ilyocryptus agilis Kurtz, 1878, both belonging to Macrothricidae. The spermatogenesis of some species could not be categorized in any of these three groups. This is the case for Leptodora and Latona and for the species of Onychopoda where, furthermore, great differences between the genera are seen (see Wingstrand, 1978 , for description of these maturation types). The lumenal type of maturation has been found in Cyclestheria hislopi (Roessler, 1995. Character 54. Spermatozoa, heliozoa-like 0=spermatozoa not heliozoa-like 1=spermatozoa heliozoa-like A heliozoa-like sperm type (dark straight rods radiating from the cell centre) is found in all examined species of Aloninae, Eurycercinae, Simocephalus Schoedler, 1858 (Daphniidae), Ophryoxus (Macrothricidae) and in a modified form in two chydorine genera: Pleuroxus and Peracantha (Wingstrand, 1978) . In the phylogeny proposed by Wingstrand the presence of this sperm type keeps Ophryoxus together with Daphniidae and Chydoridae (see Fig. 17a ). This implies secondary loss in several genera. Cyclestheria hislopi has not been investigated with TEM, but a light microscopy study shows that the spermatozoa are not heliozoa-like (Roessler & Sanchez, 1986; Roessler, 1995) .
Character 55. Spermatozoa, disc-shaped 0=spermatozoa not disc-shaped 1=spermatozoa disc-shaped Disc-shaped spermatozoa occur only in Streblocerus and Ilyocryptus (Macrothricidae) (Wingstrand, 1978) . Light microscopy of Cyclestheria hislopi shows that the spermatozoa are not disc-shaped (Roessler & Sanchez, 1986; Roessler, 1995) .
Character 56. Spermatozoa, marginal vesicles 0=marginal vesicles absent 1=marginal vesicles present
Marginal vesicles occur in the spermatozoa of all investigated species of the Onychopoda (Wingstrand, 1978) .
RESULTS
Parsimony analysis in PAUP (command: heuristic search, random addition sequence, 1000 replications, TBR swapping), with all characters unordered (except character 8 which was ordered), resulted in 218 equally short trees of 121 steps with consistency and retention indices of 0.72 and 0.92 respectively. The strict consensus tree is shown in Figure 13 and the corresponding apomorphy list is shown in Table  1 . Most characters could be optimized unambiguously on the strict consensus tree of the 218 trees (MacClade command: trace all changes, unambiguous changes only). Characters with ambiguous optimization were optimized 'manually' in MacClade, in general preferring ACCTRAN optimization. The 50% Majority Rule consensus tree (Fig. 15) had two nodes more resolved than the strict consensus tree (nodes 1 and 11 in Fig. 13 ).
Successive character weighting in PAUP (default settings: best fit of the rescaled consistency index, and rounded weights) resulted in 20 trees, all found among the 218 shortest trees. The strict consensus tree of the 20 trees (Fig. 14) had two nodes either more or differently resolved than the strict consensus tree of the 218 trees (nodes 1 and 11 in Fig. 13) .
A parsimony analysis with all characters unordered (also character 8, which was unordered in the first analysis) gave thousands of equally short trees of 120 steps with consistency and retention indices of 0.73 and 0.91 respectively. PAUP was set to retain only 10 000 trees (command: heuristic search, random addition sequence, 100 replications, with 100 trees saved for each replication, TBR swapping). The strict consensus tree of the 10 000 trees (all characters unordered, Fig. 16 ) had considerably less resolution than the strict consensus tree of the 218 trees (character 8 ordered, Fig. 13 ). This is due to the loss of some of the neck organ information going from a ordered neck organ character to an unordered neck organ character. Coding character 8 as unordered has the strength that it assumes no a priori transformation route of the neck organ. The weakness is that large sections of the cladogram remains unresolved.
DISCUSSION
Conchostraca and Cladocera: monophyly and relationships
The Cladocera have in this treatment been supported by a suite of apomorphies found in all equally parsimonious trees (characters 1, 17, 23, 45, and 47, see Table  1 ). The majority of these characters are reduction characters (possibly connected to neotenic origin), and the proposed monophyly of the Cladocera may therefore not T 1. Apomorphy table. The character support for each clade in the strict consensus tree is listed (strict consensus tree. Fig. 13 8 Neck organ elongated (4 times long as wide) (1→2) 24 See Fig. 13 8 Neck organ with median pores (2→3) 25 See Fig. 13 8 Rim between median pores in neck organ constricted (3→4) seem well supported. However, an eventual polyphyletic origin of the Cladocera can only be shown by identifying potential synapomorphies between separate cladoceran taxa and other crustaceans-e.g. conchostracans or other branchiopods. Such characters are not present or have not been identified and the Cladocera are therefore-despite the large differences between the four orders-regarded as monophyletic until there is evidence to the contrary. Furthermore, if Cyclestheria is in sister group position to the rest of the spinicaudates (as in Fig. 15 ), the Cladocera is in addition supported by characters 7 and 49 ('fused eyes' and 'direct development of parthenogenetic eggs'), which then is paralleled in Cyclestheria.
The Conchostraca (Spinicaudata and Laevicaudata) are not supported by any apomorphic characters. All possible synapomorphies for the Spinicaudata and the Laevicaudata-'carapace comprising the whole body' (character 1) and 'eggs/ embryos attached to dorsal prolongation of exopod' (character 47, see Fig. 1A , C)-turn out most likely to be plesiomorphies already present in the common ancestor to the Diplostraca. I believe that the attachment of eggs to the exopod, as seen in the Conchostraca, is an evolutionary intermediate between ventrally situated eggs (as seen in the Anostraca and presumably plesiomorphic within the Branchiopoda) and dorsally situated eggs (as in the Cladocera). The ancestral Cladocera, at some stage, may have had eggs attached to the exopod. Hence, the eggs/embryos attached to a dorsal prolongation of the exopod in the two conchostracan orders cannot be used as an argument for uniting the two groups. Instead, I believe the character is an apomorphy for the common diplostracan ancestory, retained in the two conchostracan orders and lost in a cladoceran ancestor, apomorphic to this group. This loss of connection between exopod and eggs could have been coupled to a movement of the gonopores to a more lateral/dorsal position than in other branchiopods (character 45), which would facilitate placing the eggs in the dorsal brood chamber without help from the exopods. Due to the reduced appearance of the cladocerans (neoteny), it will probably be difficult to find morphological characters uniting the conchostracans which could not have been present in the cladoceran ancestor. For example, eventual similarities in larval morphology between the conchostracan taxa would be difficult to use convincingly, as in only one case do cladocerans have free-living larvae.
The Spinicaudata are only supported on some of the shortest trees (seen in the 50% Majority Rule consensus tree, Fig. 15 ). The supporting characters are: 'growth lines on carapace' (character 2, paralleled in Monospilus and Ilyocryptus, see Figs 1B, C, 9B); 'claspers with "true" palps' (character 29, see Olesen et al., 1997) and 'lumenal maturation of spermatids' (character 53, this maturation type must be assumed to have developed several times). However, a carapace with growth lines may have been present already in the ancestral diplostracan and the loss of growth lines may therefore represent the apomorphic character state instead of vice versa.
The conchostracan Cyclestheria hislopi (Cyclestheriidae) has often been proposed and discussed as a 'link' between the Conchostraca and Cladocera because of certain similarities between Cyclestheria and the Cladocera that are not shared with the rest of the Conchostraca, e.g. 'fused compound eyes', 'direct development' and an 'ephippium' (see Sars, 1887; Linder, 1945; Schminke, 1981; Roessler, 1995; Martin & Cash-Clark, 1995; Olesen et al., 1997) . In modern phylogenetic terminology this would-if the similarities were interpreted as homologies-give Cyclestheria status as sister group to the Cladocera, which would leave the Conchostraca paraphyletic. This position of Cyclestheria is seen in the 20 equally parsimonious trees retained after successive character weighting (Fig. 14) . Other trees have Cyclestheria in a more conventional position as sister group to the rest of the spinicaudates which gives a monophyletic Spinicaudata (the supporting characters are mentioned above).
Two possible positions of the Laevicaudata are suggested by the present analysis. A large number of trees have the Laevicaudata as sister group to the Cladocera (seen in the 50% Majority Rule consensus tree, Fig. 15 ). The support for this rests on an unpublished work by G. Fryer (the result is briefly mentioned in Fryer, 1987a) , who found a probably derived similarity (=synapomorphy) in muscle arrangement of the antennae in two groups (character 18, see character discussion). If a carapace with growth lines is plesiomorphic for the Diplostraca, then the loss of growth lines could be seen as further support for grouping the Laevicaudata together with the Cladocera. Another possibility is the Laevicaudata as sister group to the rest of the Diplostraca which is seen in the trees retained after successive character weighting (Fig. 14) . Support for this is seen in the 'articulated and backwardly curved furcal claws' (character 38), shared by the spinicaudates and two cladoceran orders (Anomopoda and Ctenopoda). In this interpretation the differing furcae of the Haplopoda and Onychopoda have to be assumed to be secondarily achieved. Both possible positions of the Laevicaudata leave the Conchostraca paraphyletic.
The ideas above are partly in conflict with those put forward by Fryer (1987a,b) , who, while listing the many differences between the cladoceran main groups, rejects the Cladocera as a taxonomic unit with phyletic meaning. He also rejects the Conchostraca which is in accordance with the view tentatively presented above.
Both the suggested monophyly of the Cladocera and possibly paraphyly of the Conchostraca are in agreement with Martin & Cash-Clark (1995) (based on different arguments), even though the status of the Conchostraca is not stated explicitly in that paper.
The cladoceran orders Ctenopoda, Onychopoda, Haplopoda and Anomopoda: monophyly and relationships
The Onychopoda are supported by a number of convincing synapomorphies-'four trunk limbs ' (character 23, see Figs 5, 6) , 'marginal vesicles in the spermatozoa' (character 56), nährboden (character 51, paralleled in the Moininae and in the ctenopod Penilia)-so there is no serious doubt about the monophyly of this group. This agrees with the conclusions of Wingstrand (1978) , who includes other spermatozoa-related potential synapomorphies, and with those of Martin & CashClark (1995) , who also mention the increase in eye size as a potential synapomorphy. The phylogeny within the Onychopoda I consider as unresolved for the moment. The two families Cercopagididae and Podonidae are each convincingly supported but the relationship between these and Polyphemus (Polyphemidae) is more uncertain due to conflicting characters. A shared anterior process on the mandibles (character 22), mentioned by Martin & Cash-Clark (1995) , seems to give Podonidae and Cercopagididae sistergroup relationship while a shared caudal morphology (caudal appendage, character 39) indicates Polyphemus and Cercopagididae as sistergroups. The latter possibility is supported by a possible apomorphic similarity in the external morphology of the dorsal organ/neck organ in Polyphemus and the Cercopagididae (see Figs 5A ,B, 6A,B not included as a character in the present analysis). In these groups the neck organ is significantly enlarged and not regularly rounded as in the Podonidae and in several other cladocerans (e.g. Macrothrix and Eurycercus, see Olesen, 1996) .
The Anomopoda, which contains the majority of species within the Branchiopoda, is supported by a suite of apomorphies-the appearance of a 'unique ejector hook of 1st trunk limb' (character 26), 'reduction of serial similarity of trunk limbs' (character 25), by the appearance of 'ephippium' (character 48) paralleled in Cyclestheria hislopi, 'antennae with 2 proximal setae' (character 19, see Fig. 9B,C) , 'vacuolar maturation of spermatids' (character 53) reversed to the cystic maturation type in Ilyocryptus and Streblocerus and to the lumenal maturation type in the Moininae. These characters are for a large part in accordance with the morphology of the ancestral anomopod as convincingly proposed by Fryer (1995) .
The analysis yielded no synapomorphies for the Ctenopoda. However, the Sididae is supported by the 'special shape of the male antennule' (character 15). Holopedium does not share this morphology and may therefore not belong in the Ctenopoda. Wingstrand (1978) tentatively suggested that Holopedium should be considered as sister taxon to the rest of the Cladocera (in the view of Wingstrand, only excluding Leptodora which he placed further down the stem because of the resting eggs hatching as metanauplii) (Fig. 17A ). This possible placement of Holopedium is based on the presumed primitive presence of simple amoeba-like spermatozoa found in the Anostraca, the Notostraca and in the Conchostraca. The weakness of this placement is that the monophyly of the Cladocera (excluding Holopedium) rests on having a 'non simple amoeba-like spermatozoa', which include a varied assemblage of different spermatozoa morphologies.
The relationship among the four cladoceran orders has not been clarified by this study. The results support the Onychopoda and Haplopoda (Leptodora kindti) as a monophyletic group (the name would be the Gymnomera), based on the more or less similar 'stenopodous trunk limbs' (character 24), the modification of the carapace to a 'brood pouch' (character 1) (see Figs 3-6), and the 'coalesced ventral ganglia' (character 6). This view is shared by Martin & Cash-Clark (1995) , who also include other characters like 'loss of epipods', 'loss of food groove', 'loss of ocellus'. This derivation of Leptodora kindti preserves metanaupliar hatching from the resting eggs (character 50), which forces 'direct development in the resting eggs' to be developed 2-4 times within the Cladocera.
Many authors (Eriksson, 1934; Wesenberg-Lund, 1952; Fryer, 1987b) have suggested that the similarities between the two gymnomeran groups (Haplopoda and Onychopoda) have been convergently derived. Wesenberg-Lund saw Leptodora kindti as closely related to the Ctenopoda and the Onychopoda as closely related to Anomopoda. It is interesting to observe a detailed resemblance between the male antennule of Leptodora and the antennule of certain ctenopods like Latona (illustrated in Fig. 7D ). Wingstrand (1978) suggested a sister group relationship between Leptodora and the rest of the Cladocera, based on the retention of the free-living larvae (Fig.  17A) . This is also reflected in the taxonomic scheme of Eriksson (1934) , where Leptodora were given an isolated position in the Cladocera. It would however, involve considerable difficulty to derive the Haplopoda and the Onychopoda separately (convergent development of the stenopodous legs and the brood pouch), so Gymnomera (Haplopoda and Onychopoda) is preferred as monophyletic until new evidence points in another direction.
My analysis does not resolve the relationship between the Gymnomera (Haplopoda and Onychopoda), the Ctenopoda and the Anomopoda (Figs 13-16 ). Martin & Cash-Clark (1995) proposed the Gymnomera and Anomopoda as sister groups with the Ctenopoda as sister group to these (Fig. 17B) . That may be the correct relationship, but several problems are connected to the four characters supporting the Gymnomera/Anomopoda clade. The first character, 'reduction of serial similarity' (character 25 in this treatment), may not be a synapomorphy of Gymnomera and Anomopoda but instead an autapomorphy for the Anomopoda, since serial similarity is still found in the Gymnomera, only the legs being stenopodous instead of typically phyllopodous (Figs 3-6 ). The second character, 'reduction in size of antennules', is not present in the Macrothricidae (Fig. 9B,C) , a very large family within the Anomopoda. The antennules would then have to be assumed secondarily enlarged. The third character is 'loss or reduction of metachronal beat'. It is true that none of the groups have the typical metachronal beat by phyllopodous limbs similar to those found in anostracans, notostracans, conchostracans and in the cladoceran group Ctenopoda. I do, however, find it difficult to use the reduction of this way of beating resulting in such different morphologies as seen in the Gymnomera and in the Anomopoda as a synapomorphy for these two groups. In the predominantly predatory Gymnomera, with stenopodous instead of phyllopodous legs, the metachronal beat is absent. In the Anomopoda the legs are very different from the serially similar legs in the Ctenopoda, but traces of the metachronal beat are present in some groups (Fryer, 1991 ; also mentioned by Martin & Cash-Clark, 1995) . Instead, loss of the metachronal beat could be viewed as an autapomorphy for the Gymnomera. The fourth character, 'reduction in dependence of filtration', is true for the Gymnonera but apparently not for the Anomopoda.
The theory of Martin & Cash-Clark (1995) could possibly be supported by the similarity in the antennal rami of the Onychopoda and Anomopoda. In the Onychopoda and in many species of the Anomopoda (presumably plesiomorphic) there are three segments in one ramus (endopod) and four segments, with the most proximal often being shorter, in the other ramus (exopod), and only few natatory setae along the sides of the rami (character 17, Figs 5, 9, 10). However, if the Gymnomera (Onychopoda and Haplopoda) is still accepted as monophyletic, as advocated earlier, then a secondary segment addition has to be accepted in the Haplopoda (Leptodora), where there are four segments in both antennal rami (Fig.  3A) . In accordance with this, larvae of Leptodora have only 4 and 3 segments in the antennal rami (Fig. 3B) which suggests that the extra segment in one of the rami could have been achieved secondarily.
The anomopodan families Daphniidae, Macrothricidae, Chydoridae, Bosminidae: monophyly and relationships
The monophyly of the Daphniidae (including the Moininae) is convincingly supported. Whether the Moininae would be justified as a family or should be a subfamily of the Daphniidae is subjective. This derivation of the Moininae implies the acceptance of reversal of the vacuolar maturation type of spermatids to the lumenal type in the Moininae. Such 'to-and-fro' evolution of a complex structure such as the vacuolar maturation type was regarded as improbable by Wingstrand (1978) . As Wingstrand was aware, some other characters conflict with this idea. Both Goulden (1968) and Fryer (1991) unite the Moininae with the rest of the Daphniidae, as is also the case here (Figs 13-16 ). Goulden (1968) did so because of "very enlarged filter plates of the 3rd and 4th trunk limbs" (character 33, Fig. 10 ) and Fryer (1991) included a "specialisation of the 5th trunk limb for closing the posterior interlimb space during filtration" (character 34, Fig. 10a ). No matter which phylogenetic hypothesis is chosen, apparently unacceptable convergencies or reversals must be accepted. If, for example, the vacuolar spermatogenesis is assumed only to have developed once and not have disappeared after that, as Wingstrand (1978) thought probable, then, along with other problems, the two above-mentioned characters (33 and 34) would have to be assumed to have developed independently in the Moininae and the rest of the Daphniidae. Instead it appears more likely that the vacuolar maturation of the spermatids has only appeared once but later disappeared within the Moininae in connection with the appearance of the very large and strange spermatozoa found in all species of Moina examined hitherto. As Wingstrand (1978) emphasizes, information on one or more of the species of Moina with more normal small and spherical spermatozoa would be helpful. If vacuolar spermatogenesis was found in one of those species the problem of placing the Moininae would be solved, since the lack of this spermatogenesis type in other species of the Moininae would then be clearly secondary. Together with the reversal of the vacuolar maturation to the lumenal type, I suggest that there have been two reversals from the vacuolar type to the cystic type as well (in Streblocerus and Ilyocryptus), but this is weakly supported in the analysis.
The Macrothricidae, as mentioned earlier, are not supported as no potential synapomorphies for the group could be located. Instead, the family is indicated to be paraphyletic. The actual suggested phylogeny of the macrothricid taxa should not be considered as definitive since the character support is rather unconvincing (convergences or character reversals). Ophryoxus, for instance, is placed on the Chydoridae clade on the basis of a dilated posterior gut section that later disappears (character 43). The main indication of this analysis is that the Macrothricidae are probably not monophyletic and further characters to resolve their phylogeny are yet to be identified. This was apparently also the view of Wingstrand (1978) , who on the basis of two spermatological characters (vacuolar spermatogenesis, character 53; heliozoa-like spermatozoa, character, 54), found only in subgroups of the Macrothricidae together with the Chydoridae and the Daphniidae, indicated that the Macrothricidae were paraphyletic. However, the result of the present analysis suggests that the cystic maturation type of spermatids, found in the macrothricid genera Streblocerus and Ilyocryptus, are reversals instead of retained plesiomorphies. This interpretation may be incorrect but if so, it would only affect the position of the genera within the Anomopoda clade and not the presumed paraphyly of the Macrothricidae.
Considering the apparent information in the spermatozoa of the Macrothricidae, it would be informative to have spermatozoa investigated in more species of this group than the four examined by Wingstrand (1978) .
The Chydoridae are supported by only two characters (neck organ with lateral pores, character 9; three segments in both antennal rami, character, 17, Fig. 12 ). Within the Chydoridae the subfamily Chydorinae was convincingly supported by a suite of characters, while no support was found for the Aloninae, which apparently have been defined on the basis of a combination of plesiomorphic and insufficiently examined characters (e.g. head pores). Frey (1959 Frey ( , 1962 Frey ( , 1967 divided-on basis of mandibular articulation and head pore morphology (neck organ)-the Chydoridae into four subfamilies. A remaining problem is that the 'not-on-apodeme articulation' type of the mandible, found in the Aloninae, should, most likely, be considered as the plesiomorphic type and therefore cannot be used to justify the subfamily (see character 20 in character discussion). A similar problem is connected with the classical use of the so-called 'head pores' of the family. While having been useful for species identification, Olesen's (1996) SEM data now make phylogenetic considerations easier. This study, among other things, established the homology between the 'head pores' of the Chydoridae and the neck organ/dorsal organ of conchostracans, which is an important basis in the interpretation of the character. I have been unable to formulate a potential synapomorphy related to the head pores/neck organ for the Aloninae while the Chydorinae is supported by a very constant neck organ morphology found in almost all species.
The neck organ morphology has in this analysis been treated as two characters, a binary character that relates to the presence of lateral pores (character 9) and an ordered multistate character (the only ordered character in the analysis) that relates to the shape and general morphology of the neck organ (character 8). As a result of using the ordered multistate character, the presented phylogeny of the Chydoridae corresponds with what one intuitively would expect from looking at the different types of neck organs (Fig. 18) . It reflects-since I did not locate any contradicting characters-what appears to be the assumed simplest pathway for the character transformation in the neck organ (see Character discussion, above). The analysis suggested that the appearance of lateral pores in the neck organ should be treated as a synapomorphy for the Chydoridae and secondarily lost in the Chydorinae and Monospilus. The only earlier published cladogram-like phylogeny that could be located for the family is that of Smirnov (1971) . Comparison is, however, difficult, since no characters are indicated on the Smirnov figure. The basic difference is the lack of support for the Aloninae in the present phylogeny while Smirnov (1971) identifies this as a monophyletic group. In general the relative position of the genera of the Chydoridae is more or less the same in the two cladograms.
The phylogeny within the Chydoridae is far from resolved with this analysis since only 17 of the 32 described genera have been included. It has-despite the relative large literature about also this cladoceran group-been surprisingly difficult to locate characters of phylogenetic importance.
CONCLUSIONS
The following concluding remarks and classificatory recommendations are based on the strict consensus tree of 218 equally short trees (Fig. 13) .
(1) The strict consensus tree supports several taxonomic groups: Diplostraca (=Onychura), Cladocera, Gymnomera, Anomopoda, Onychopoda, Sididae, Daphniidae (with the Moininae included), Moininae, Scapholeberinae, Chydoridae, Chydorinae; these can, if the result of this analysis is accepted, be used as valid taxonomic units. A suggested taxonomic hierachy, based on Figure 13 , is shown in Fig. 19 .
(2) It is suggested that Fryer (1991 Fryer ( , 1995 is correct in not accepting the Moinidae as a family and that the moinids be included in the Daphniidae as a subfamily (Figs 13, 19) .
(3) The Conchostraca and Spinicaudata are unsupported in the strict consensus tree (Fig. 13) ; the status of these groups is uncertain.
(4) Part of the Ctenopoda (Sididae) is supported, but unsupported with respect to Holopedium. However, Holopedium was not derived with any other of the anomopod main groups either (Figs 13-16 ).
(5) Two groups-the Macrothricidae and Aloninae-are indicated to be paraphyletic . Taxonomic rearrangements are best delayed until the present results find further support.
(6) The relationships between the Gymnomera (Onychopoda and Haplopoda), Anomopoda and Ctenopoda (if monophyletic) could not-due to lack of characters-be resolved (Figs 13-16 ).
NOTE ADDED IN PROOF
During the publication process of this paper a new discovery was made which most likely will change one of the conclusions reached. Embryological studies on various cladoceran taxa showed a remarkable similarity in the development of the antennule in Polyphemus pediculus (Onychopoda) and certain anomopods, not shared by the Haplopoda and the Ctenopoda. This challenges the monophyly of the Gymnomera, which were supported in this account. The subject will be dealt with in a later publication.
The validity of the interpretation of the diplostracan carapace as a 'secondary shield' has recently been questioned by Fryer (1996) . los Andes, Bogotá, Colombia) is thanked for help in collecting specimens of Cyclestheria hislopi, and photographer Geert Brovad (ZMUC) is thanked for assistance with the production of the plates. This study has been partly supported by the following grants: Hemmingsens Legat, Emil Herborgs Legat, and Clements Legat (collection of material in Colombia).
